Guava (Psidium guajava L.) is a native fruit of the American tropics with commercial applications for its taste, flavor and aroma. Numerous pharmacological uses have been described for it, such as the antiseptic effect of its leaves, the use of the fresh fruit and tea from its leaves for the treatment of diarrhea, dysentery, diabetes mellitus, and others. However, considering its rich composition, the guava also is a potential source of antioxidants to be used in the development of new formulations for cosmetic and/or dermatological applications, the main focus of this research. Herein, we describe the study of the phytochemical composition and the antioxidant activity of a guava extract prepared with non-toxic solvents aiming its use at biological applications. High performance liquid chromatography and mass spectrometry were employed to identify the major components, while thermoanalytical measurements and hot stage microscopy were used to assess the chemical stability of guava fruit extract. The antioxidant activity was also evaluated assessing the SOD-like activity and ABTS free radical scavenger. The results show that the extract is a rich source of phenolic compounds, such as quercetin, kaempferol, schottenol, among many others. All of the components found in guava extract exhibit biological effects according to the literature data, mainly antioxidant properties. 
INTRODUCTION
Some phytochemicals, such as phenolic compounds, carotenoids and vitamins, mainly ascorbic acid (C) and tocopherol (E), are effective free-radical scavengers (Jiménez-Escrig et al., 2001) . These substances are likely to be effective in the reduction of the stroke and cancer incidence, already attributed to the consumption of fruits and vegetables (Beecher, 1999) . They act mainly preventing the oxidative cell damage caused by the inactivation of free radicals generated by the metabolism, inflammatory processes, environmental conditions, UV radiation etc (Dhalla, Temsah, Netticadan, 2000; Sander et al., 2004) . Considering the importance of antioxidants in the human body, the regular consumption of significant amounts of fruits and vegetables has been promoted by specialists to prevent degenerative and chronic diseases (Jiménez-Escrig et al., 2001) .
The application of antioxidants on the skin is also an important strategy to prevent damage aggravated by oxidative stress (Pinnell, 2003) . A high concentration of antioxidants in skin care formulations allows the penetration of the epidermis and dermis. The main advantage of the topical administration when compared to the oral administration to treat and prevent skin conditions is the direct delivery of bioactive substances to the target area, thus eliminating concerns about systemic circulation Page 2 / 10 (Meinke et al., 2010; Palombo et al., 2007) . The cutaneous delivery of antioxidants is a complementary and well known treatment to prevent skin aging and to avoid dermal diseases, such as skin cancer (Sander et al., 2004; Pinnell, 2003; Dreher et al., 1998; Lopez-Torres et al., 1998) . Pinnell (2003) explains that antioxidants are an important alternative to protect the skin from photodamage, and should be associated with sunscreens. The latter being a useful tool, yet inadequate use prevents an ideal protection, causing an incomplete spectral barrier.
Considering fruits with antioxidant potential, the guava has been extensively cited. Other pharmacological activities have been described for the guava, such as an antiseptic effect, the treatment of diarrhea, dysentery, diabetes mellitus, and others (Gutiérrez, Mitchell, Solis, 2008) . Also, its use is suggested among other agroindustrial products, as a food additive endowed with antimicrobial, texturizing and antioxidant activities (Ayala-Zavala et al., 2011; Ashraf et al., 2016) , however, its use as a source of antioxidants for cosmetic application has so far not been studied in detail.
Guava crops are grown in tropical countries, being used as a food source, having commercial importance due to their exotic flavor and aroma (Soares et al., 2007) . Besides, the fruit is a subtilized crop regarding to its potential biological properties (Willian, Haq, 2000) . The paper "Global research on underutilized crops: an assessment of current activities and proposals for enhanced cooperation" also cites the guava since it is used almost exclusively for the food industry in the composition of jam and jellies.
Given its chemical value, this subtilized crop could be a source of an antioxidant extract for cosmetic and dermatological applications, thus contributing to the economic development of the agriculture and to the valorization of that fruit. Considering the great expansion of the cosmetic and beauty market and the benefits of antioxidants in the prevention of skin diseases, the guava is a commercially promising natural product. Nevertheless, the literature about its effects for cosmetic and dermatological use is rather limited. A great deal of research has shown and related its chemical composition and activities, based on the use of extracts prepared with organic toxic solvents (De Araújo et al., 2014; Thaipong et al., 2006) , thus limiting its use in the health care industry. Also, the vast majority of the extracts studied were prepared from leaves and not from the hole fruit as suggested herein (Jaiarj et al., 1999; Lutterodt, Maleque, 1988 , Oh et al., 2005 .
With respect to the ethnopharmacological relevance, De Araújo et al. (2014) affirm that there is a large number of plant species cultivated in Brazil that have not yet been phytochemically or biologically evaluated, and thus, these authors propose the study of the composition of the guava.
Our research group has so far prepared, in an attempt to assess the guava crops and their chemical composition, several guava extracts from water-ethanol mixtures, of which the one obtained with 70% (vol.) ethanol was the richest in antioxidant agents (Chiari et al., 2012) .
Thus, considering the antioxidant properties of guava extract and following the aims of our previous study (Chiari et al., 2012) , we show herein the major components found in a hydroethanolic extract of the guava fruit and its antioxidant activity, proposing its use as a source of highly appreciated natural compounds for cosmetic and dermatological use.
High performance liquid chromatography and mass spectrometry were used to identify the major components, while thermoanalytical measurements and hot stage microscopy were used to assess the chemical stability of guava fruit extract. The antioxidant activity was also evaluated assessing the SOD-like and ABTS free radical scavenger activities.
MATERIAL AND METHODS

Material
Psidium guajava L. fruits, ethanol (LabSynth and Chemis, PA grade), the Superoxide dismutase (SOD) determination kit (Sigma-Aldrich), 2,2'-azino-bis-(3-ehtylbenzothiazoline-6, 6'-sulfonic acid) diammonium salt (ABTS) (Sigma-Aldrich), Potassium persulfate (Synth), Methanol (HPLC grade), formic acid (HPLC grade), Ammonium formate (HPLC grade) were used. Internal standards (kaempferol 3-O-xylosyl-rutinoside, schottenol ferulate, 3-methoxysinensetin, quercetin 
Preparation of fruit extracts
The extract was prepared as described earlier (Chiari et al., 2012) . The whole fresh guavas were disinfected in a sodium hypochlorite solution (0.2%) for 2 hours and then rinsed in distilled water. Next, fruits were cut into small pieces, dried at 60 ⁰C to constant weight (around 72 hours) in an air circulation chamber, and finely powdered in a knife mill (590 μm mesh size).
Samples of 50 g of the milled plant were percolated with 1.5 L of ethanol (70% v/v) at room temperature for 96 hours. Before the percolation process, 300 mL of ethanol 70 % were left in contact with the fruit powder for 18 hours, after which 1.2 L of the mixture were added and the percolation process was carried out for 78 hours.
The extract was filtered through filter paper, concentrated under reduced pressure (MA-120, Marconi rotavapour) at 60 °C, frozen, and freeze dried (Modulyo D Freeze Dryer, Thermo Scientific). The fruit extracts were stored in amber flasks at a controlled temperature (5 ± 2 ºC) and assigned the term "E70 extract".
Chemical Characterization of the extract by HPLC and mass spectrometry
The Psidium guajava L. E70 extract was chemically characterized using HPLC and mass spectrometry.
High Performance Liquid Chromatography
HPLC separation was achieved using an Agilent 1290 HPLC system. The analyses were performed using a reverse phase column in an Agilent EC-C18.
The samples were eluted with water: methanol solution gradient, as shown in Table I , at a flow rate of 0.4 mL/min.
Mass Spectrometry
All the mass spectra were acquired using an AB SCIEX TripleTOF™ 5600 LC/MS/MS System. The MS was assessed using an IDA acquisition method with two experiments: the survey scan type (TOF-MS) and the dependent scan type (Product Ion) using -30 V of collision energy. Data were evaluated using the qualitative XIC manager in the PeakView™ software, being filtered based on mass error, retention time, isotope ratio % difference and library hit purity score (comparing with internal standards).
The conditions used were: Ion source gas 1 (GC1): 50 psi Ion source gas 2 (GC2): 50 psi Curtain gas 1: 25 psi Temperature: 450 ºC Ion Spray Voltage (ISVF): -4500
Thermoanalytical measurements and hot stage microscopy Thermoanalytical measurements were performed with a Q200 modulated DSC system (TA Instruments, New Castle, USA). The sample and the reference (air) were placed in aluminum Tzero pans, heated to 100 °C at a rate of 2 °C min -1 , held isothermally for 1 min, cooled to 20 °C at 2 °C min -1 , held again isothermally for 15 min, and then finally ramped to 100 °C at 2 °C min -1 before cooling down to ambient conditions. 2-5 mg of extract gave the best result with regard to resolution, temperature, accuracy and attenuation. At least three replicates were obtained for each sample. The resulting DSC thermograms were analyzed using Universal Analysis 2000 (version 4.5, TA Instruments, New Castle, Del.). Reversed heat flow curves were used to detect the glass transition temperature for the extract.
A light microscope (Olympus BX51, Japan) equipped with a THMS350V (Linkam, Surrey, England) hot stage was used to visualize the behavior of the extract under stress conditions. The system was equipped with a digital camera (Olympus XC30, Japan) and the software Olympus Stream Essentials®. Contact thermal microscopy was conducted by heating the samples from 20 ºC to 100 ºC using a 2 °C/min heating rate.
Antioxidant activity assessment
The level of SOD-like activity in E70 was measured following the methodology provided with the manufacturer´s kit (Sigma-Aldrich) and Ukeda et al. (1997) . This SOD determination kit allows very convenient SOD assaying by utilizing Dojindo's highly water-soluble tetrazolium salt, WST-1 (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt) that produces a water-soluble formazan dye upon reduction with a superoxide anion. The amount Page 4 / 10 of the formazan dye produced in the reaction could be determined by a colorimetric method, at 450 nm. The higher the antioxidant activity of the sample tested, the higher the scavenger of superoxide anion, and the lower the absorbance, since the water-soluble formazan dye is not produced.
Using the results, the scavenger percentage of the superoxide anion was determined, and a dose versus response curve was elaborated. Using Origin 7.0, the polynomial fit of the curve was carried out and the IC 50 value was calculated.
The antioxidant activity was assessed also using the ABTS radical, with a spectrophotometric method previously described by Rufino et al. (2007) . Stock solutions of ABTS (7 mM) and potassium persulfate (140 mM) were prepared in deionized water. Next, 88.0 μL of persulfate solution were added to 5.0 mL of the ABTS solution, and the mixture was kept away from light for 16 hours for the formation of the cation radical. The cation radical solution was diluted with ethanol until the absorbance at 734 nm reached 0.7 ± 0.05. Subsequently, 3.0 mL of the ethanolic solution containing the cation radical were added to 30 μL of the sample (concentrations from 0 to 20 mg/mL). After six minutes, the absorbance was measured at 734 nm.
The antioxidant activity was expressed as IC 50 , defined as the final concentration of the tested sample required to scavenge 50% of the ABTS radical (the absorbance equivalent of the maximum amount of ABTS radical was determined using water to replace the sample in a negative control reaction). Linear regression analysis was used to calculate the IC 50 values.
For both methods, ascorbic acid was used as control.
RESULTS AND DISCUSSION
Considering guava as a promising raw material for the application in cosmetic or dermatological fields, the detailed description of the components of the extract, mainly the non-volatile components is crucial for new studies and for the development of new products based on consolidated composition data. Psidium guajava L. fruit and its extracts were studied earlier with respect to their antioxidant activity and the amount of phenolic compounds (Chiari et al., 2012; Iha et al., 2008) . However, there are few papers describing the components of a hydroethanolic extract of the fruit, suitable for cosmetic and dermatological use. The components of the entire fruit, but not of the fruit extract have been described. However, the major extracts related in the literature are prepared with unsuitable solvents for dermatological use or even toxic solvents. The description of the volatile compounds can also be found (Jiménez-Escrig, 2001; Soares et al., 2007; Chyau, Chen, Wu, 1992; Idstein, Schreier, 1985) , as well the fruit oil composition (El-Ahmady, Ashour, Wink, 2013) can also be found.
The preparation of an extract using non-toxic solvents is crucial with regard to the toxicity of the formulation. Furthermore, the use of a green and toxicologically suitable solvent does not require further separation steps. Hence, the composition of the hydroethanolic guava extract was analyzed in an attempt to confirm the presence of the most important vegetal antioxidants. The total ion chromatogram obtained by negative-ion HPLC/MS/MS of E70 Psidium guajava L. extract is shown in Figure  1 . The majority of the components of the extract eluted from 13 to 17 minutes, indicating the high concentration of methanolic solvent (95:5, methanol: water) was, as expected, the most suitable eluent for the components of the hydroethanolic extract. The substances were identified by negative-ion HPLC/MS/MS using internal standards, and many substances present in the extract were not identified. The choice of the substances to be screened in the extract was based on the antioxidant activity, i.e., several internal standards were analyzed using the same parameters (solvents and elution speed). The results (molecular weight and running time) were compared to these obtained for the guava sample extracts. The chromatographic profile revealed at least eight nonvolatile compounds, excluding quercetin derivatives. The identified compounds are shown in Table II . The molecular weights (MW) of the substances were in agreement with the phenol library of the equipment.
All the substances found in guava extract exhibit a wide variety of biologically beneficial activities, having an antioxidant effect. They are listed below and several of their properties are described.
Kaempferol is a flavonol with β-ring hydroxylation in the 4′-position. Kaempferol 3-O-xylosyl-rutinoside was identified in methanolic extracts of seven onion varieties (Lee, Zweigenbaum, Mitchell, 2013) . It has an antioxidant as well as hypoglycemic effect (De Sousa et al., 2004; Park et al., 2006; Torel, Cillard, Cillard, 1986) .
Quercetin is also a flavonol. Both, quercetin and kaempferol are found in onions and tea (De Vries et al., 1998) , the two major sources of flavonols in the human diet.
Schottenol ferulate is described among sterol ferulates found in wheat, rye, and corn bran oils (Iwatsuki et al., 2003) . It is one of the major phytosterols present in argan oil and in cactus seed oil (El Kharrassi et al., 2014) . Many of the benefits described to be promoted by argan oil are attributed to schottenol, and besides its hypolipemiant effects, antioxidant effects can also be cited (Drissi et al., 2004) as well as its protective role in the modulation of the cholesterol metabolism (El Kharrassi et al., 2014) .
3-Methoxysinensetin is a polymethoxyflavone found in sweet orange (Citrus sinensis) peel, exhibiting a variety of effects, such as antiinflammatory, anticarcinogenic, and antiatherogenic properties (Li et al., 2006) . Sesamolinol 4'-O-b-D-glucosyl (1->6)-O-b-Dglucoside was found in P. guajava L. extract as a novel antioxidant isolated from sesame seeds and it was described as more active than Vitamin E through in vitro anti-oxidative assays using rat liver microsomes (Osawa et al., 1985) .
Multiple biological activities are attributed to esculin such as the inhibition of xanthine oxidase activity, antioxidant activity, antitumor activity and an inhibitory effect on the growth of human breast cancer cells (Duncan, Flint, Stewart, 1998; Wang et al., 2002) . Zhao et al. (2007) also described anti-oxidative and anti-apoptotic properties of esculin, being proposed as an alternative to the treatment of progressive neurodegenerative diseases such as Parkinson's disease. Moreover, Kaneko et al. (2007) suggested the inhibitory effects on induced oxidative DNA damage and carcinogenesis.
3-Sinapoylquinic acid was found in green Robusta coffee beans (Jaiswal et al., 2010) and in Gardeniae fructus, traditionally used as a Chinese herbal medicine (Clifford et al., 2010) . It is a chlorogenic acid with antioxidant effects, thus, it might contribute to the prevention of chronic diseases such as cardiovascular disease (Olthof, Hollman, Katan, 2001 ).
(-)-Epicatechin 8-C-galactoside was earlier isolated from cacao liquor and demonstrated an antioxidant effect (Hatano et al., 2002) .
Quercetin 3-O-acetilrhamnoside, quercetin 3-O-(6''-malonyl-glucoside), quercetin 3-O-xyloside, quercetin 3-O-diglucoside and quercetin 3-O-xylosyl-rutinoside were found in Psidium guajava L. extract. Quercetin has been extensively studied and many biological properties, namely being antiperoxidative, antioxidant and antihistaminic, have been attributed to it (Kahraman et al., 2003) .
The identification of these antioxidant substances in the extract indicates the effectiveness of the extraction method and solvent (70 vol% hydroethanolic solution) used, having provided a wide variety of phenolic compounds earlier identified in many plant specimens.
Thermoanalytical measurements and hot stage microscopy
DSC is a physical characterization method applied to the study of the thermal behavior of many materials, used to characterize novel and promising extracts. DSC thermograms and their enthalpy changes are important indicators of the effect of storage conditions on guava extract, able to forecast the future quality of the extract. Figure 2 shows a typical modulated DSC thermogram depicting the onset of glass transition and the enthalpy peak observed for the extract between 20 ºC and 100 ºC. In this study, the glass transition (Tg) value of the extract was low (0.198 ± 0.875 J/(g.°C) , with an onset point of around 57.60 °C and a midpoint of 60.57 °C. A dramatic change in the structure starts with the loss of the water. Water loss might occur, but it is only at 90 ºC that the water has totally evaporated. Figure 2 shows that guava extract is a hygroscopic extract, due to the presence of a main endothermic peak at 90 ºC, consistent with the water evaporation. This result is in agreement with previous results, demonstrating that guava extract contains numerous polar sites to bind water molecules (Rahman, Al-Sadi, Guizani, 2008) .
Thermo-microscopic investigations of the extract at a scanning rate of 2 °C/min, as illustrated in Figure 2 , show, at approximately 60 °C, small droplets of water on the surface of the extract, indicating that the water was partially eliminated from the extract during the solid-liquid transition, accumulating on the surface of the extract and then evaporated. This process was completed when reaching about 90 °C. The main endothermic peak on the total heat flow curve was due to further loss of water.
It was demonstrated that extract transition occurs, preferentially at 60 ºC, thus the approach used for the improvement of the chemical and physical stability should incorporate the guava extract in topical dosage forms below 50 ºC in order to reduce the changes during manufacture.
Due to the nature and stability of guava extract, aqueous cold processed-based topical dosage forms could be an appropriate approach intended for dermatological use. These systems can be used as carriers for therapeutic agents such as extracts, since they display suitable characteristics. Cold process methods and aqueous-based vehicles allow a decrease in the total production costs (Raposo et al., 2014) .
Antioxidant activity assessment
The determination of antioxidant activity of E70 measured by means of the determination of the level of SOD-like activity allowed the construction of the dose versus response curve shown in Figure 3 .
According to our results, the concentration to inhibit 50% of the WST-1 formazan crystals (IC 50 ) was 0.1904±0.0039 mg/mL. It was also observed that when the concentration of E70 increased, the inhibition percentage of the formazan crystals increased, indicating E70 is able to act as the antioxidant enzyme superoxide dismutase.
For ascorbic acid the IC 50 determined was 25.69 µg/mL.
In agreement with our results, Chen and Yen (2007) evaluated the ability of an aqueous extract (prepared with boiling water) of dried fruits of guava in scavenger superoxide anions. Besides the fact that the antioxidant potential was also proved in their study, IC 50 was near to 0.450 mg/mL, approximately 2.4 times higher than for the E70 extract, confirming that the extraction with ethanol (70%) is an effective manner to extract guava phenolic compounds, using a nontoxic solvent, being more efficient than the extraction with water, and which does not consume energy.
The substances found in the extract are effective antioxidants to maintain the homeostasis in the living environment. The extraction of these substances from vegetable sources for biological uses in animals has been extensively explored and is on the increase. The antioxidant activity results showed the substances kept their activity for application in pharmaceutical formulations.
To reinforce this result, the radical ABTS scavenger activity of E70 was assessed. Figure 4 shows the dose versus response curve correlating the concentration of E70 and the scavenging of the free radical.
The IC 50 calculated by means of the equation generated with the linear regression of the curve was 0.115±0.007 mg/mL. This value is even smaller than the IC 50 calculated for the SOD like activity. Ascorbic acid was also assessed as antioxidant control, the IC 50 value was of 1.27 µg/mL.
CONCLUSION
Our results show that Psidium guajava L. hydroethanolic extract contains many compounds earlier described as promising substances related to promoting health benefits. It can be noted that the substances found in guava extract, prepared with non-toxic solvents, showed antioxidant activity, that could be considered similar to the superoxide dismutase enzyme. Also, the extract is considered stable at temperatures below 60 ºC, being a relevant alternative as antioxidant compound to be used in cosmetics and health care products, aiming to protect the skin from environmental conditions.
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